Background: In vitro studies have shown that Helicobacter pylori (H. pylori) infection
in the cytosol or within vacuoles and restrict their growth. In most cases, autophagosomes form around the target bacteria and deliver them to the lysosome for degradation.
The autophagic process is regulated at both the post-translational and transcriptional level. 11, 12 In vitro studies have shown that infection of gastric epithelial cells with H. pylori can induce autophagy.
13-15
However, prolonged exposure (e.g., for 24 hours) of these cells to culture supernatants from vacuolating cytotoxin A (VacA)-positive H. pylori results in prevention of autolysosome maturation resulting in an overall reduction in autophagy. 16 Tang et al. 17 showed that the expression of the key autophagy genes ATG12 and BECN1 decreased in association with upregulation of microRNA (MIR) 30B in the gastric mucosa. They also found that conversion of LC3B-I to LC3B-II required for autophagy function was reduced in H. pylori-infected gastric mucosa compared to uninfected mucosa, suggesting that the
MIR30B-related reduction in autophagy function allowed intracellular
H. pylori to evade autophagic clearance.
Despite recent interest changes in autophagy-related gene expres- We also studied the relationship of single nucleotide polymorphisms (SNPs) of downregulated autophagy-related genes in relation to susceptibility to H. pylori infection.
| METHODS

| Subjects and gastric biopsy specimens
We used gastric mucosal biopsy specimens obtained from H. pyloriinfected and H. pylori-uninfected volunteers in Bhutan obtained as previously described. 18 In a previous study, we recruited a total of 372 volunteers with mild dyspeptic symptoms from three Bhutanese cities (Thimphu, Punaka, and Wangdue) during four days (December 6 to December 9) in 2010. During endoscopy, four gastric biopsy specimens were collected from healthy areas in the antrum: one each for H. pylori culture, followed by DNA extraction, rapid urease test, RNA analysis, and histological examination. Written informed consent was obtained from all participants, and the protocol was approved by the Ethics Committee of Oita University (Japan) and Chulalongkorn University (Thailand) as well by the local hospitals where we collected the specimens. 18 All biopsy specimens for culture and RNA analyses were immediately placed in a −20°C freezer and subsequently sent on dry ice by Express Mail to Oita University's Faculty of Medicine, Japan, where they were stored at −80°C until use. Biopsy specimens for histology were fixed in buffered formalin at room temperature and were sent to Oita University's Faculty of Medicine for sectioning and analyses.
Total RNA from the gastric specimens placed in RNA later (Ambion, Life Technologies, Carlsbad, CA) was isolated using commercially available kits (Ambion), and genomic DNA was isolated from gastric specimens, following the H. pylori culture using DNeasy Blood and Tissue Kit (Qiagen).
| H. pylori culture and status
Helicobacter pylori culture was performed using standard culture methods, as previously described. 19 was confirmed by sequencing the PCR products as described previously. 21 The vacA genotyping (s1, s2, m1, and m2) was also performed as described previously. 
| Histology
Biopsy specimens for histological examination were fixed in 10% (vol/ vol) neutralized buffered formalin, embedded in paraffin wax, and stained with hematoxylin-eosin and Giemsa stains. Specimens were evaluated by a histologist blinded to the clinical features of patients or the characteristics of the H. pylori strains. H. pylori density, the degree of mononuclear cell (MNC, inflammation), and polymorphonuclear leukocyte infiltration (PMN, activity) were determined according to the updated Sydney system. The H. pylori density was also evaluated by immunohistochemistry with polyclonal anti-H. pylori antibody, as described previously. 23 The H. pylori density was scored based on the average density on the surface and the foveolar epithelium. If areas with widely different scores were obtained on the same specimen, an average based on the general evaluation of the biopsy was considered. Only areas without metaplasia were evaluated for the presence of H. pylori.
| Gene expression microarrays
Gene expression levels from the gastric specimens were analyzed by gene expression microarray. Complementary RNA was amplified, labeled, and hybridized to a 44K Agilent 60-mer oligo microarray according to the manufacturer's instructions. All hybridized microarray slides were scanned using an Agilent scanner, and relative hybridization intensities and background hybridization values were calculated using Agilent's Feature Extraction Software (9.5.1.1).
Differences in mRNA expression levels between the two groups were considered significant if the fold change of expression levels was >1.5
and the P value was <.01 using the t-test. The microarray data were registered in the Gene Expression Omnibus (GEO) database (http:// www.ncbi.nlm.nih.gov/geo/info/linking.html); the accession number is GSE47797. mRNA levels of these genes in gastric specimens were quantified using ABI Prism 7300 sequence detection system (Applied Biosystems). The samples were placed in the analyzer, and PCR was conducted according to the manufacturer's instructions. The ratio change in target gene relative to the endogenous control gene (ACTB) was determined by the 2 −ΔΔCT method.
| Quantitative reverse transcription PCR
| SNP genotyping analysis
TaqMan SNP Genotyping Assays (ATG16L1: rs2241880) designed with two specific probes and primers for each variant were purchased from Applied Biosystems. Genomic DNA was amplified using TaqMan Carlsbad, CA) and 1% penicillin/streptomycin at 37°C and 5% CO 2 .
In an attempt to investigate how H. pylori might regulate ATG16L1 and ATG5 mRNA levels in the gastric mucosa, we exam- of 50 or 100. Total RNA from human cell lines was extracted using commercially available kits (Ambion). 
| Western blotting
| Statistics
All statistical analyses were conducted by JMP 10.0 software 
| RESULTS
| Subjects
Samples from 136 subjects from Bhutan (median age, 40 years; age range, 16-92 years) were included in this study (Table 1) . For gene expression analysis, all samples collected from participants in the capital city Thimphu on December 6 (n=136) were investigated. For the SNP analysis, 283 of the available samples (n=372) were investigated, the remaining samples being excluded due to lack of sufficient sample or background data. These subjects were previously reported in a survey of the prevalence of H. pylori infection 18 and the effect of
H. pylori infection on gastric interleukin-8 (IL-8)
and IL-10 mRNA levels. 24 The prevalence of H. pylori was 63%, and all strains possessed cagA ( Table 1) .
| Autophagy-related gene expression profiles in H. pylori infection
We selected eight samples for microarray analysis based on typical pathological findings (four samples were obtained from 50 subjects with H. pylori -negative normal mucosa and four from the 86 subjects with H. pylori -positive gastritis mucosa). In this study, an array chipset that contained 50 599 total probe sets was used. For comprehensive expression analyses of autophagy-related genes, 226/237 genes in Human Autophagy Database (HADb) were chosen from the microarray; 11 genes were excluded because three genes had no probe in this array chipset, and eight genes were not detected in all samples measured (Figure 1 Upregulation was defined as at least a 1.5-fold increase and downregulation by at least a 1.5-fold decrease. In downregulated genes, the core components of the autophagy machinery were included (ATG4D,
ATG16L1, ATG5, and ATG9A).
T P=.379) ( Figure 2D ).
| ATG16L1 and ATG5 mRNA levels and H. pylori density
We examined the association between ATG16L1 and ATG5 mRNA levels and H. pylori density scores as determined using the updated Sydney system. There was a significant inverse relation between ATG16L1 mRNA levels and H. pylori density (score 0 vs 2, P=.008; score 0 vs 3, P=.002; score 1 vs 3, P=.046, respectively) ( Figure 3A ).
On the other hand, there was no significant difference in ATG5 mRNA levels in relation to the H. pylori density score ( Figure 3B ).
| ATG16L1 and ATG5 mRNA levels and other histological findings
We examined for a possible correlation between ATG16L1 and ATG5 mRNA levels and the other histological findings ( Figure S1 ). We genotyped ATG16L1 SNPs (rs2241880) using TaqMan SNP genotyping assays and analyzed whether there was an association between ATG16L1 mRNA levels and ATG16L1 genotype ( Figure S2 ). Twelve samples were excluded from the gene expression analysis as the genotype could not be identified (n=124). No association was found between ATG16L1 mRNA levels and ATG16L1 genotype whether using all subjects (n=124, P=.569) or specifically H. pylori -positive subjects (n=81, P=.930). Correl. Coef., correlation coefficient; PMN, polymorphonuclear leukocyte; MNC, mononuclear cell.
| ATG16L1 mRNA levels and the proinflammatory cytokine interleukin-1β (IL-1β)
T A B L E 2 Correlation between
ATG16L1 and ATG5 mRNA levels and histological findings subjects (n=124, P=.750) or H. pylori -positive gastric mucosa (n=81, P=.828) ( Figure S3 ).
| ATG16L1 and ATG5 mRNA levels in gastric epithelial cells in response to H. pylori infection
LC3B-II protein expression (autophagy function) was increased by
H. pylori infection in vitro ( Figure S4 ). Gastric mucosal ATG16L1 and ATG5 mRNA levels were reduced in H. pylori -infected gastric mucosa compared to uninfected mucosa (Figure 2 ). These results matched our hypothesis. Given this, we investigated how H. pylori might regulate ATG16L1 and ATG5 mRNA levels in gastric epithelial cells. In a preliminary experiment, ATG16L1 mRNA was detected in MKN45
and MKN28, but not in AGS cells (data not shown). Based on our in vivo data showing an inverse relation between H. pylori density and ATG16L1 expression, we examined the effects on autophagy-related genes during both the early and late phases of infection and at lower and higher MOIs (Figure 4 ). However, we were unable to demonstrate either a time or MOI dependency in gene expression with either cell line, MKN45 ( Figure 4A , B) or MKN28 ( Figure 4C, D) .
| The influence on H. pylori susceptibility in relation to ATG16L1 polymorphisms
To evaluate whether there was an association between ATG16L1 polymorphisms and susceptibility to H. pylori infection, we performed a case-control study including 77 H. pylori -negative and 206 H. pylori -positive subjects (Table S1 ). The genotype distribution for ATG16L1:
rs2241880 polymorphism in this study was similar to that expected for Hardy-Weinberg equilibrium (P=.172). The risk of being H. pylori 
| DISCUSSION
To the best of our knowledge, this is the first report of detailed expression analyses of autophagy-related genes using microarray analysis to compare H. pylori -infected and H. pylori -uninfected human gastric mucosa. It has previously been shown that intracellular bacterial pathogens are capable of suppressing autophagy by downregulating autophagy-related genes. 27 The present study showed that mRNA levels of the core component autophagy-related genes, ATG16L1 and ATG5, were significantly reduced in H. pylori -positive human gastric mucosa (Figure 2 ).
ATG16L1 and ATG5 encode key autophagy proteins which function as part of a complex with ATG12 responsible for the proper subcellular localization of the autophagy machinery. 28 Nguyen et al. 29 We also found that ATG16L1 mRNA levels in the gastric mucosa decreased in a H. pylori density-dependent manner ( Figure 3) ; however, we found no correlation between ATG16L1 mRNA levels and mucosal infiltration with acute or mononuclear inflammatory cells ( Figure S3 ). More studies are needed to examine the precise genetic and functional roles of autophagy-related genes in the pathogenesis of H. pylori -induced gastritis.
Based on the microarray analysis, ATG4D expression was found to be significantly downregulated; however, using qRT-PCR analyses, upregulation was observed. In previous studies, we have confirmed our microarray data using qRT-PCR with β-actin as the housekeeping gene. In general, our results have been similar. 24, 32 The reason why the qRT-PCR results in the current study do not match that of the microarray data is unclear. However, it is possible that this may relate to the fact we used only one housekeeping gene (β-actin 
